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(54) Method and apparatus for detecting and measuring laps and gaps in composite materials 



(57) An electronic scanner having a light source and 
a light sensitive head is connected via a cable to a com- 
puter. The scanner head detects reflected light from the 
surface of the composite material and generates an 
electronic representation of the surface. A conventional 
software driver interprets the scanner output to produce 
an electronic bit-mapped image. The electronic image is 
then displayed so that gaps are readily visible. The elec- 



tronic representation is also analyzed to determine the 
presence of laps and gaps, to measure gap widths, to 
measure the distance between points on the display, 
and to determine the percentage of the surface covered 
by fiber material. The electronic representation may 
also be stored for later analysis. 
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Description 

Field of the Invention 

This invention generally relates to a method and 
apparatus for detecting and measuring gaps and laps in 
the surface of a lay-up of composite material. 

Background of the Invention 

Composite materials are increasingly used in the 
manufacturing process for a wide variety of products 
that require a high strength-to-weight ratio. A composite 
is a material made up of two or more components that 
confer different types of strength or resilience. For 
example, carbon ffoers having a high tensile strength 
are embedded in an epoxy resin. The combination pro- 
duces a material that may be formed to a wide variety of 
shapes and which, pound for pound, is many times 
stronger than steel. 

In a typical composite manufacturing process, 
many long strands of carbon or other fibers are pulled 
from spools and aligned so that they are parallel. The 
parallel band of fibers is then applied and pressed to a 
heated surface and held in place with an epoxy resin. 
Because the resulting composite material is strongest in 
the direction that the fibers run, several layers of fibers 
are applied in the composite manufacturing process. In 
this layering, or laminating, process layers of composite 
fibers are applied so that the f toers in successive layers 
run transversely of the fibers of preceding layers to pro- 
duce a material that is strong in every direction. Once 
the composite has been built up. if is heat cured in a kiln 
or autoclave, producing a rigid structure. 

Although the composite laminate process is 
extremely effective at producing strong, lightweight 
materials, problems can occur in the manufacturing 
process that affect the strength of the resulting material. 
First, gaps can occur between the carbon fibers that are 
applied to the surface. Such gaps are especially likely to 
occur when producing a composite device having 
numerous bends, folds, or curves. The presence of 
gaps of significant size can weaken the resulting com- 
posite material in the area of the gaps. This weakness is 
compounded when there are multiple gaps in the same 
general vicinity. Similarly, fibers that are intended to be 
adjacent and parallel may overlap one another. The 
overlapping fibers, or "laps", also create an area of 
decreased strength. The presence of a lap may even be 
worse than the presence of a gap. Because the fibers 
expand during the heat curing process, gaps below a 
certain size will become filled as the fibers expand and 
shift toward one another. A lap. however, is likely to 
worsen during the curing process. An overlapping fiber 
will typically remain in place but will become stretched 
as the fibers expand during the curing process. As a 
result, a lap creates a weak area in the composite mate- 
rial in the vicinity of the lap. 



To avoid these weakened areas in the finished 
material, each layer of fibers must be inspected for laps 
and gaps. Typically, inspectors visually survey the sur- 
face of a composite material looking for laps and gaps. 

5 This is an especially tedious process that is prone to 
error. Because the fibers and gaps are small, a magni- 
fying glass must be used to search for laps and gaps. In 
addition, because carbon fibers are black, it is particu- 
larly difficult to visually find a lap or gap in the top layer 

10 of fibers when the layer of fibers below it is also black. 
Moreover, it is difficult to precisely measure the size of a 
gap between fibers, making it difficult to determine 
whether an identified gap is sufficiently large to pose a 
problem. These problems are compounded when the 

75 composite material being manufactured is large. An 
inspector searching the surface of a large composite 
material is prone to fatigue and eye strain and is likely to 
miss significant laps and gaps. 

so Summary of the invention 

The present invention provides a simple and effec- 
tive method and apparatus for surveying the surface of 
a composite material to find flaws such as laps and 

25 gaps in the fibers. In the preferred embodiment, an elec- 
tronic scanner of the type normally used to digitize doc- 
uments is passed over the surface to be surveyed. The 
scanner includes a head having a light source that illu- 
minates the surface of the composite material and a 

30 light sensitive section or detector to detect reflections. 
By scanning the surface in the direction of the fibers, the 
presence of gaps and laps in the surface layer is 
detected. This method is capable of quantifying the size 
of the laps or gaps and the distance between nearby 

35 laps or gaps so that a manufacturer can determine 
whether the composite material will be significantly 
weakened because of the presence of the laps or gaps. 

In accordance with other aspects of this invention, 
the optically scanned surface image may be displayed 

40 in a form that will make the laps and gaps visible. In the 
preferred embodiment, the scanned image may be 
graphically displayed on a computer terminal display. 

In accordance with further aspects of this invention, 
the size of a lap or gap may be determined and repre- 
ss sented on the display Similarly, the distance between a 
lap or gap and another lap, gap, or other point on the 
surface may be determined and displayed. 

In accordance with still other aspects of this inven- 
tion, the scanning resolution may be adjusted to accom- 

so modate a range of fiber sizes and possible gap widths. 

In accordance with yet other aspects of this inven- 
tion, the scanned images and lap and gap data may be 
stored in a memory for later display or analysis. Simi- 
larly, images or data representations of images may be 

55 retrieved from a memory to analyze the images for laps 
or gaps. 

In accordance with further aspects of this invention, 
scanned images may be analyzed to determine the per- 
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centage of the surface area that is covered by the fibers 
of the topmost layer. 

Brief Description of the Drawings 

5 

The foregoing aspects and many of the attendant 
advantages of this invention will become more readily 
appreciated as the same becomes better understood by 
reference to the following detailed description, when 
taken in conjunction with the accompanying drawings, 10 
wherein: 

FIGURE 1 is a diagrammatic top perspective of a 
lap and gap detecting apparatus in accordance with 
the present invention; is 
FIGURE 2 is a block diagram of components of the 
lap and gap detecting apparatus of FIGURE 1 ; 
FIGURE 3A is a diagrammatic top plan of two lay- 
ers of composite fiber materials with gaps present 
in the surface layer; 20 
FIGURE 3B is a diagrammatic top plan of the com- 
posite layers of FIGURE 3A, as viewed by an opti- 
cal scanner; 

FIGURE 4 is a representation of a raw data array 
for storing scanned pixel values determined by an 25 
optical scanner in accordance with the present 
invention; 

FIGURE 5 is a flow chart illustrating the overall logic 
used to scan and display a composite lay-up mate- 
rial; 30 
FIGURE 6 is a flow chart illustrating the logic used 
to convert a selected scanned row to a binary rep- 
resentation; 

FIGURE 7 is an exemplary pixel gap data array; 
FIGURE 8A is an exemplary width data array; 35 
FIGURE 8B is an exemplary synthesized width data 
array; 

FIGURE 9 is a flow chart illustrating the logic used 
to produce a width data array; 

FIGURE 10 is a flow chart illustrating the logic used 40 

to produce a synthesized data array; 

FIGURE 11 is an enlarged representation of a 

scanned display showing three f toers; and 

FIGURE 12 is a flow chart illustrating the logic used 

to determine the percentage of fiber coverage. 45 

Petailed Pescnpticfi of the Preferred Embodiment 

Referring to FIGURE 1. a lap/gap detector config- 
ured in accordance with the present invention is indi- so 
cated generally by the reference numeral 10. An 
electronic document scanner 12 that includes a head 1 3 
having a light source and a light sensitive portion is con- 
nected via a cable 14 to a generally conventional desk- 
top or notebook computer 16. Several of the key ss 
components of the computer 16 are illustrated in FIG- 
URE 2. Although it will be apparent to those of ordinary 
skill in the art that the computer 16 includes many more 



components than those shown in FIGURE 2, a disclo- 
sure of the preferred embodiment for practicing the 
present invention does not require ail of these generally 
conventional components to be shown. 

A CPU 20 is coupled through a bus 32 to a ROM 22 
and a RAM 24. The CPU 20 responds to program 
instructions stored in the ROM and temporarily in the 
RAM. The computer 16 also includes a storage device 
26. such as a hard-disk drive, floppy disk drive, or other 
storage media. A keyboard 28 and a pointer 29 are cou- 
pled to the CPU 20 through the bus 32. The pointer 29 
is a mouse, trackball, or other device that enables a 
user to instruct the CPU by interacting with a display 30. 
According to the present invention, the CPU is pro- 
grammed to process the data provided by the scanner 

12 which is also coupled to the CPU through the bus 32. 
The data processed by the CPU is also displayed on the 
display 30 and can be stored in the storage 26 for later 
use. 

A composite laminate material that may be 
scanned and analyzed for laps and gaps in accordance 
with the present invention is represented in FIGURE 3A. 
A lower layer 40 of composite material is composed of 
numerous fibers 41 embedded in epoxy resin. For an 
aircraft flight control surface or fairing, typically the fib- 
ers 41 are approximately 1/8 inch thick. The fibers 41 on 
each layer are applied several fibers at a time in a paral- 
lel band. Although any number of ftoers 41 may be 
applied at once, they are often applied in bands of 12, 
24, or 32 fibers. Similarly, the composite lay-up may be 
constructed from bands of tape rather than bands of 
parallel fibers. A surface layer 42 of composite material 
is placed over the top of the lower layer 40 such that the 
ftoers 41 of the surface layer 42 extend transversely of 
the fibers 41 of the lower layer. While only two layers are 
depicted in FIGURE 3A, those skilled in the art will rec- 
ognize that any number of layers may be used consist- 
ent with the present invention. 

Although ideally there are no gaps in each layer, the 
surface layer 42 is shown containing two gaps 44, 46. To 
the naked eye. the gaps 44, 46 are visible but difficult to 
find because the gaps are small and each layer of com- 
posite material is black. Thus, in accordance with the 
present invention, the head 13 of the scanner 12 is 
passed across the surface layer 42 in a direction sub- 
stantially parallel to the fibers 41 of the surface layer 42 
to form an electronic representation of the surface of the 
composite material. The scanner generates an electri- 
cal signal that divides the surface into a grid that forms 
an electrical representation of the scanned surface. 
Each individual grid element, or pixel, is represented by 
a value relative to the amount of reflected light the head 

13 detects. 

As the light from the scanner head 13 illuminates 
the surface layer fibers 41 , most of the light is reflected 
away from the scanner 12 or absorbed by the fibers 41 
of the surface layer 42 so that the surface layer 42 
appears black (little or no reflected light is detected). It 
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has been found that more reflected light is detected 
from the lower layer 40 through the gaps 44, 46. Thus, 
by scanning in a direction substantially parallel to the 
fibers 41, the scanner output has higher light intensity 
values (i.e., the surface is represented by pixels having 
higher values) when the scanner encounters a gap than 
it does when the scanner encounters surface fibers. 

The composite material layers of FIGURE 3A are 
shown in FIGURE 3B as "seen" by the scanner 12 and 
as represented by the scanner output. Because the light 
is generally absorbed or reflected away from the scan- 
ner head 1 3 when it encounters the surface layer 42 but 
is reflected by the lower layer 40 so that it is received by 
the scanner 12, the gaps 44, 46 are differentiated from 
the fibers 41 on the surface layer 42. 

In one embodiment, the scanner 12 is a Lightning- 
Scan®Pro 256 hand-held scanner produced by Thun- 
derware, Inc. of Orinda, California. The scanner 12 is 
connected via cable 1 4 to the SCSI port of the computer 
16, which in the preferred embodiment is a Macintosh 
Power Book operating under system 7.0 A conventional 
software driver interprets the scanner output to produce 
an electronic bit-mapped image. 

The scanner 12 includes wheels 17 (shown dia- 
grammatically in FIGURE 1) on each side of the scan- 
ner head 13 that contact the surface to be scanned. As 
the scanner head 13 is passed across the surface, the 
scanner interprets the speed of rotation of the wheels 
17 and adjusts the sampling rate accordingly. In this 
fashion, the scanner produces a bit-mapped image hav- 
ing pixels that represent approximately equal dimen- 
sions of the surface being scanned. 

The scanner 12 can have a scanning width of four 
inches and a scanning resolution of 400 dots per inch 
(dpi), so that the scanning width is divided into 1 600 pix- 
els. Because the fibers 41 are typically 1/8 inch wide, 
the fibers 41 will have a width of approximately 50 pix- 
els. Those skilled in the art will recognized that the 
scanner 12 may have a variety of scanning widths and 
resolutions consistent with the present invention. 

In addition to having a variety of possible scanning 
resolutions, the scanner 12 may quantize the intensity 
of scanned image into a variety of possible ranges, in 
the preferred embodiment, the scanner 12 is capable of 
scanning 256 levels of gray. As a result, each pixel will 
have an associated intensity value between 0 and 255, 
with values closer to 0 indicating very little light was 
detected by the scanner head 13 and values closer to 
255 indicating a greater amount of light detected. 

To ensure that the scanner 12 scans in a direction 
parallel to the fibers of the surface layer 42, the scanner 
1 2 is drawn along a straight edge or ruler. As the surface 
layer 42 is scanned, the values for each pixel are 
received from the software driver and stored in a raw 
data array 50 in the computer 16. represented in FIG- 
URE 4. The raw data array 50 is a two-dimensional 
array having a width equal to that of the scanner width, 
measured in pixels. Thus, in the preferred embodiment 



the width is four inches times 400 dots per inch, or 1600 
pixels. The length of the raw data array 50, represented 
by the reference character / in FIGURE 4, is variable 
and is determined by the length of composite material 

5 that is scanned. For example, by scanning an eight-inch 
long section of composite material, a raw data array 50 
having a width of 1 600 pixels and a length of 3200 pixels 
would be created and stored in the computer memory 
For each pixel, the associated intensity value (repre- 

w sented in FIGURE 4) is stored. The raw data array 
50 may also be stored in storage 26 for later analysis. 

Representations of the scanned composite surface 
stored in the raw data array 50 are also displayed on the 
display 30 of the computer 16. Each pixel value is 

is assigned a shade of gray relative to the intensity value 
of that pixel and. therefore, the amount of reflected light 
detected by the scanner head 13 at the corresponding 
location on the surface of the composite material. 
Although shades of gray are used in the preferred 

20 embodiment, those skilled in the art will recognize that 
shades of other colors or combinations of colors may be 
used to display the electronic representation of the 
scanned surface. Further, the numerical values repre- 
senting the amount of light received by the scanner may 

25 be displayed without converting the values into shades 
of gray. 

Depending on the size of the scanned surface and, 
therefore, the length / of the raw data array, the entire 
raw data array may not fit on the display 30 at once. By 

30 using the pointer 29 or the keyboard 28, the display 30 
can be adjusted or "scrolled" to display different portions 
of the raw data array 50 in a manner that is well-known 
in the art. In addition, the displayed image may be mag- 
nified, increasing the size of the pixels as they are dis- 

35 played on the screen. Any gaps 44, 46 that are present 
between the f fcers 41 are then easily detected because 
they are far more visible when viewing the display 30 
than when viewing the composite material itself. In addi- 
tion, the size of the gaps may be determined by multiply- 

40 ing the number of pixels of gap times the number of 
inches per pixel. 

Trie overall logic employed by the present invention 
to scan and display a composite lay-up material may be 
summarized with reference to FIGURE 5. The logic 

45 begins at a block 1 02 where the surface of the compos- 
ite material is illuminated by the light source. The logic 
then proceeds to a block 104 where the surface is 
scanned by detecting the light that is reflected by the 
surface. In a block 106, the bit-mapped image gener- 

so ated by the scanner 1 2 is displayed on the display 30. In 
a block 1 08, the scanned brt- mapped image is stored for 
later retrieval and analysis. 

Once the data has been scanned and displayed on 
the display 30, it may be analyzed in greater detail for 

55 the presence of laps and gaps. First a row is selected 
for more detailed analysis. The row is selected by noting 
from the display a particular row having a lap or gap. 
The analysis begins by converting the pixel intensity val- 
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ues for the chosen row to binary values representing 
either gap or fiber material. The logic employed by the 
present invention to convert a selected row to a binary 
representation is illustrated with reference to FIGURE 6. 
The logic begins with block 112, where a single row of 5 
the raw data array 50 is selected using either the key- 
board 28 or pointer 29. Although only one row is 
selected, any number of rows may be selected, consist- 
ent with the present invention. The raw data intensity 
value for each pixel in the selected row is then con- 
verted to a binary value representing the presence of 
either a gap or fiber material at each pixel. More specif- 
ically, at block 1 14 the conversion is performed by com- 
paring each pixel value to an adjustable gray threshold 
value that is used to distinguish fibers 41 from gaps 44, 
46. In the preferred embodiment, the gray threshold 
value is 65. Raw scanned values from the chosen row of 
the raw data array 50 that are greater than or equal to 
the threshold value are determined to be gaps, while 
raw scanned values that are less than the threshold 
value are determined to be ftoer material. While com- 
paring each raw pixel value to the threshold value, each 
pixel is assigned a binary value representing either fiber 
or gap. The logic proceeds to block 1 1 6 for values above 
the threshold value which are designated T (fiber = 
"true") or to block 118 for values below the threshold 
value which are designated M F W (fiber = "false"). In either 
case, the logic proceeds to block 120 in which the 
binary value, T or F, is stored in a fiber/gap data array 
described below with reference to FIGURE 7. Proceed- 
ing to block 122, this binary conversion process contin- 
ues until the fiber/gap data array is filled. The fiber/gap 
data array will have the same width as the raw data 
array 50 and a length of one pixel. Therefore, in the pre- 
ferred embodiment, the fiber/gap data array 60 has 
dimensions of one pixel by 1600 pixels and contains the 
converted binary values, T or F, for each pixel. The 
fiber/gap data array 60, as with all arrays discussed 
herein, may be displayed on the display 30 and stored in 
storage 26. An exemplary fiber/gap data array 60 is 
shown in FIGURE 7. 

After the fiber/gap data array 60 has been pro* 
duced, the logic proceeds to block 124 to update the 
display 30 to represent the chosen row in a binary form. 
In the preferred embodiment gaps (or "P values) are 
displayed as red pixels and fibers (or T" values) are dis- 
played as black pixels. Those skilled in the art will rec- 
ognize that fibers and gaps (Ts or Fs) may be 
represented by using any colors or shades that will 
allow the fibers and gaps to be visually discernible. The 
binary representation on the display makes the pres- 
ence of gaps readily visible. 

The fiber/gap data array 60 is then used to produce 
a width array 70, represented in FIGURE 8A The pur- 
pose of the width array 70 is to form an array of pairs of 
detected ftoer widths and adjacent gap widths. Thus, 
the width array 70 contains two columns, one for gap 
widths and one for corresponding fiber widths. The logic 



8 

employed to produce the width array 70 is illustrated in 
FIGURE 9. Beginning at a block 130, the initial pixel 
designation from the fiber/gap data array is analyzed to 
determine whether it is a T or an F If it is a T, the logic 
proceeds to a block 132 where consecutive Ts are 
summed until an F is encountered. At that point, the 
logic proceeds to a block 134 where the number of con- 
secutive Ts is entered in the first row of the width array 
70, under the column for ftoer widths. The logic then 
proceeds to a block 136 to determine whether the pixel 
gap data array has been exhausted. If not, the logic pro- 
ceeds to a block 138. Consecutive Fs are then summed 
until a T is encountered. At that point, the logic proceeds 
to a block 140 where the number of consecutive Fs is 
entered in the first row of the width array, under the col- 
umn for gap widths. The logic then proceeds to a block 
142 to determine whether there are pixels remaining to 
be analyzed in the f foer/gap data array. If there are val- 
ues remaining, the logic returns to block 1 32 where con- 
secutive Ts are then counted as previously described, 
with the number entered in the next row under the fiber 
width column. This process continues until the entire 
fiber/gap data array 60 has been counted. The resulting 
width array 70 will contain pairs of gap widths and fiber 
widths, arranged in two columns. 

In some cases, the fibers may overlap or may be so 
near each other that there is no gap between fibers. An 
overlap or the absence of a gap will appear on the dis- 
play 30 as a continuous run of f iber material without the 
presence of gaps. Thus, both when looking at the com- 
posite material visually and when viewing the scanned 
image on the display 30, it is difficult to determine 
whether there is truly an overlap or whether two fibers 
41 are merely adjacent to and touching each other. This 
difficulty is addressed by converting the width array 70 
into a synthesized width array 72, represented in FIG- 
URE 8B. In converting the width array 70 into the syn- 
thesized width array 72, sums of continuous pixels 
representing ftoer material are compared to the mean 
ftoer width value to determine whether fibers are over- 
lapping. The logic used to produce the synthesized 
width array is illustrated in FIGURE 10. The logic begins 
at a block 1 50 where the value from the first row of the 
ftoer width column of the width array 70 is divided by the 
mean fiber width and rounded to the nearest whole 
number. The mean fiber width is a pre-established value 
that represents the expected width of the fibers. In the 
preferred embodiment the mean fiber width is 1/8 inch, 
or 50 pixels. The result N from dividing the value from 
the fiber width data array 70 by the mean ftoer width is 
the presumed number of fibers that are adjacent or 
overlapping. 

The logic proceeds to a block 152 to evaluate the 
result of the division in block 150. If the presumed 
number of f foers N is 1 . the logic proceeds to a block 
154 where the value from the measured fiber width col- 
umn of the width array 70. and its corresponding gap 
width value, are entered in the two columns of the first 
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row of the synthesized width array 72. If the presumed 
number of fibers N is greater than 1 , the logic proceeds 
to a block 158 where the value from the fiber width col- 
umn of the width array 70 is divided by the presumed 
number of fibers N, so that an "average ftoer width" is 5 
produced. The logic next proceeds to a block 160 where 
the average ftoer width is entered in the fiber column of 
the synthesized width data array 72 in a number of rows 
equal to the presumed number of fibers N. Following 
blocks 154 and 160, the logic proceeds to a block 1 56 to 10 
determine whether there are values in the width array 
remaining to be analyzed. If there are values remaining, 
the logic returns to block 150. 

This process may be better understood with refer- 
ence to FIGURES 8A and 8B. As seen in FIGURE 8A, is 
an exemplary width data array 70 may contain a value of 
SO in the fiber width column. If the fiber width value of 90 
from the fiber width data array 70 is divided by the mean 
fiber width of 50, the presumed number of fibers N is 2. 
As a result, two fibers are assumed to be included in the so 
continuous run of 90 pixels represented by the value of 
SO from the fiber width data array 70. Because the syn- 
thesized width array 72 is an array of fibers and corre- 
sponding gaps, the value of 90 is divided by 2 (the 
presumed number of ftoers) to yield a value of 45, which 25 
represents the average fiber width for the two presumed 
fibers in the continuous run of 90 pixels. The value 45 is 
then entered in two consecutive rows under the fiber 
column of the synthesized width array 72 as shown in 
FIGURE 8B, one entry for each presumed ftoer. The 30 
gap width value associated with the measured ftoer 
width value of SO is stored in the first row of the gap 
width column of the synthesized data array 72. Because 
there is no measured gap between the two ftoers pre- 
sumed to exist in the run of 90 fiber pixels, the symbol 3s 
mm> is entered in the gap column in the row associated 
with the second synthesized fiber. 

From the synthesized width array 72, gaps and laps 
can be readily found and measured. The individual fiber 
and gap columns can be quickly analyzed to search for 40 
abnormalities. Thus, the gap column can be compared 
against a gap tolerance value to determine whether any 
of the gaps are too large. Likewise, the synthesized 
width data array 72 can be analyzed for the presence of 
laps. There are two indicators that will signal the likely 45 
presence of an overlap. First, the presence of an unusu- 
ally large gap is normally an indication that the fibers on 
either side of the gap are overlapping. Second, long 
runs of fiber material (many consecutive Ts) indicates 
either an overlapping or touching fibers. From the syn- so 
thesized width data array 72, the long continuous runs 
of fiber have been divided into asterisks (~") and aver- 
age fiber widths. If the estimated average fiber widths 
from these long continuous runs are less than the 
exported mean fiber width, it is probably due to an over- ss 
lap. 

In addition to detecting laps and gaps, the lap/gap 
detector of the present invention may be used to deter- 



mine distances between points on the display, and 
therefore the composite material. This feature is espe- 
cially useful when estimating whether fiber material was 
placed sufficiently close to a reference line, such as a 
line indicating a hole or a cut to be made in the compos- 
ite material. Ukewise, this feature may be used to meas- 
ure distances between laps or gaps. Referring to 
FIGURE 1 1 , an enlarged display with three runs of fiber 
is shown. By using the keyboard 28 or pointer 29, two 
points 80, 81 on the display are selected. The line con- 
necting the two points 80. 81 is shown on the display, 
representing the desired stopping point for the fiber 
material. To determine whether the ftoers are suffi- 
ciently close to the line between the two points 80, 81, a 
point 83 on the end of one of the fibers is selected. The 
perpendicular distance between the point 83 on the end 
of the ftoer and the line is then calculated to determine 
whether the fiber is close enough to the line. 

The lap/gap detector of the present invention also 
calculates the density of the scanned image. In other 
words, the lap/gap detector determines the percentage 
of the surface area of the scanned image that is covered 
by ftoer material. The logic used to determine the per- 
centage of coverage is illustrated in FIGURE 12. The 
image density determination begins at a block 172 by 
establishing an evaluation area. The evaluation area is 
selected by using the keyboard 28 or pointer 29 and 
may be as small as one pixel or as large as the entire 
raw data array 50. Once the evaluation area is estab- 
lished, the corresponding portion of the raw data array 
50 is used to determine the image density. The logic 
proceeds to a block 1 73 where the intensity value for the 
first pixel in the evaluation area is retrieved. In a block 
1 74, the intensity value is compared to the gray thresh- 
old value to determine whether it represents a fiber or a 
gap. If the value is greater than or equal to the thresh- 
old, the logic proceeds to a block 1 76 where the sum of 
gap values is incremented. If, on the other hand, the 
value is less than the gray threshold, the logic proceeds 
to a block 178 where the sum of ftoer values is incre- 
mented. From blocks 1 76 and 1 78 the logic proceeds to 
block 1 80 to determine whether there are pixels remain- 
ing the evaluation area. If there are pixels remaining in 
the evaluation area, the logic proceeds to a block 181 
where the next value is retrieved and the evaluation 
process is repeated. Once there are no pixels remain- 
ing, the logic proceeds to block 182. The image density, 
or percentage of the evaluation area that is covered by 
ftoers, is determined by dividing the total number of fiber 
pixels by the total number of pixels in the evaluation 
area. 

The present invention offers significant advantages 
over the prior art method of visually scanning composite 
lay-up materials for the presence of laps and gaps. By 
using the present invention, a composite surface is 
scanned and displayed in a manner that allows laps and 
gaps to be readily discovered. An electronic representa- 
tion of the composite surface is also analyzed to meas- 
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ure gap widths, determine the presence of overlapping 
fibers, measure the distance between points on the 
scanned surface, and calculate the percentage of the 
surface that is covered by fibers. The electronic repre- 
sentation of the composite surface may also be stored 
for later analysis. 

While the preferred embodiment of the invention 
has been illustrated and described, it will be appreciated 
that various changes can be made therein without 
departing from the spirit and scope of the invention. 

Claims 

1 . A method for determining the presence of laps and 
gaps between fibers of a composite material, com- 
prising the steps of: 

(a) illuminating a surface of the composite 
material; 

(b) scanning the surface of the composite 
material with an electronic scanner to form an 
electronic representation of the surface 
wherein the representation of the surface is 
divided into pixels, each pixel having an inten- 
sity value relative to the amount of reflected 
light detected when scanning a corresponding 
portion of the surface; and 

(c) displaying the representation of the surface 
so that laps and gaps are visible. 

2. The method of claim 1, further comprising the step 
of storing the electronic representation of the sur- 
face. 

3. The method of claim 1 or 2, wherein the step of dis- 
playing comprises the steps of: 

(a) assigning each pixel a shade of gray relative 
to the intensity value of that pixel; and 

(b) displaying the assigned pixels. 

4. The method of claim 1. 2 or 3, wherein the step of 
displaying comprises: 

(a) converting the pixels for at least part of the 
scanned surface to a binary representation 
indicating that either a gap or fiber material is 
present at the location corresponding to that 
pixel; and 

(b) displaying the binary representation. 

5. The method of any of claims 1 -4, further comprising 
analyzing the representation of the surface of the 
presence of gaps and laps by: 

(a) converting the pixels for at least part of the 
scanned surface to a binary representation 
indicating that either a gap or fiber material is 



present at the location corresponding to that 
pixel; 

(b) summing alternately the number of continu- 
ous converted pixels representing gaps and 

5 the continuous converted pixels representing 

fiber material to from values representing the 
number of continuous pixels of fiber and gap 
material; and 

(c) creating an array containing the sums of 
10 continuous converted pixels representing gaps 

and the sums of continuous converted pixels 
representing ftoer material. 

6. The method of claim 5, further comprising the step 
is of displaying the array containing the sums of con- 
tinuous converted pixels representing gaps and the 
sums of continuous converted pixels representing 
ftoer material. 

20 7. The method of any of claims 1 -6, further comprising 
the step of determining the distance between two 
points on the scanned surface by determining the 
distance between two displayed points correspond- 
ing to the two points on the scanned surface. 

25 

8. The method of any of claims 1 -7, further comprising 
the step of calculating the percentage of the surface 
that is covered by fber material. 

30 9. An apparatus for detecting laps and gaps between 
fibers of a composite material, comprising: 

(a) means for scanning the surface of the com- 
posite material to form an electronic represen- 

35 tation of the scanned surface wherein the 

surface is divided into pixels, each pixel having 
an intensity value relative to the amount of light 
received when scanning a corresponding por- 
tion of the surface; and 

40 (b) means associated with the scanner for dis- 

playing the representation of the scanned sur- 
face so that laps and gaps are visible. 

10. The apparatus of claim 9, further comprising: 

45 

(a) a processing unit; and 

(b) a memory coupled to the processing unit, 
the memory at least temporarily storing the 
pixel intensity values and storing program 

so instructions that control the processing unit, 

execution of the program instructions on the 
processing unit comprising: 

(i) converting the pixels for at least part of 
55 the scanned surface to a binary represen- 

tation indicating that either a gap or fiber 
material is present at the location corre- 
sponding to that pixel; and 
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(ii) displaying the converted pixels. 

11. The apparatus of claim 9, further comprising: 

(a) a processing unit; and s 

(b) a memory coupled to the processing unit, 
the memory at least temporarily storing the 
pixel intensity values and storing program 
instructions on the processing unit comprising: 

10 

(i) converting the pixels for at least part of 
the scanned surface to a binary represen- 
tation indicating that either a gap or fiber 
material is present at the location corre- 
sponding to that pixel; is 

(ii) summing alternately the number of con- 
tinuous converted pixels representing 
gaps and the continuous converted pixels 
representing fiber material to form values 
representing the number of continuous pix- 20 
els of fiber and gap material; and 

(iii) comparing the sums of continuous con- 
verted pixels representing fber material 
with a mean fiber width value. 

25 

12. The apparatus of claim 9, further comprising: 

(a) a processing unit; and 

(b) a memory coupled to the processing unit, 

the memory at least temporarily storing the so 
pixel intensity values and storing program 
instructions that control the processing unit, 
execution of the program instructions on the 
processing unit comprising determining the 
distance between two points on the displayed 35 
representation of the surface. 

13. The apparatus of claim 9, further comprising: 

(a) a processing unit; and 40 

(b) a memory coupled to the processing unit, 
the memory at least temporarily storing the 
pixel intensity values and storing program 
instructions that control the processing unit, 
execution of the program instructions on the 45 
processing unit comprising calculating the per- 
centage of the surface that is covered by fber 
material. 

14. An apparatus for detecting laps and gaps between so 
fibers of a composite material, comprising: 

(a) a light source for illuminating the surface of 
the composite material; 

(b) a scanner associated with the light source 55 
for scanning the surface of the composite 
material to form an electronic representation of 

the scanned surface wherein the representa- 



tion of the surface is divided into pixels, each 
pixel having an intensity value relative to the 
amount of light detected when scanning a cor- 
responding portion of the surface; and 
(c) a display associated with the scanner for 
displaying the representation of the scanned 
surface so that laps and gaps are visible. 
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